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摘要: 研究了锯缘青蟹抱卵蟹培育和胚胎发育及孵化温度对刚孵化第 1 期　状幼体 (Z 1)干重 (DW ) 和比能值 (EC , Jöm g)
以及对幼体发育和存活的影响. 研究结果表明: 胚胎发育随孵育温度的升高而加快, 但孵育温度与刚孵化幼体的干重和
能量 (E , Jöind)没有明确的相关性; 而抱卵蟹培育和胚胎发育期间孵育温度的日温差对刚孵化青蟹幼体的干重和能量有
明显的影响, 并对幼体的存活和进一步发育产生影响。当孵育温度日温差≥2℃时, 胚胎发育不整齐, 孵化不同步, 死卵或
孵出原　状幼体的比例高; 孵化出的第 1 期　状幼体一般都无法蜕皮进入第 2 期。孵育温度日温差与刚孵化幼体的干重
或能量的相关性不确定, 但当孵育温度日温差≥2℃时, 刚孵化的　状幼体的个体干重和能量的乘积 (DW ×E ) < 01746
的几率显著增加, 幼体可养活的几率极小, (DW ×E )可作为判断刚孵化的第 1 期　状幼体能否正常生长发育的指标。
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Effect of Brood ing Tem pera ture on Larva l Qua l ity of M ud Crab
Scylla ser ra ta
ZHU X iao2M ing, L I Shao2J ing, J IN J ian2Feng　 (D ep artm en t of O ceanog rap hy & Institu te of S ubtrop ica l
O ceanog rap hy , X iam en U niversity , X iam en 361005, Ch ina). A cta Ecolog ica S in ica , 2002, 22 (10) : 1629～ 1634.
Abstract: M ud crab S cy lla serra ta farm ing has been go ing on fo r at least th ree decades in sou th Ch ina, es2
pecially in recen t decade, bu t it has no t reached even its op tim um po ten tia l. T he m ajo r constrain t fo r fu r2
ther expansion of m ud crab cu ltu re is the lim ited supp ly of crab‘seed’. M ud crab cu ltu re st ill depends on
w ild2caugh t crab lets, bu t its quan tit ies are no t sufficien t to m eet dem and even at the cu rren t size of m ud
crab cu ltu re farm ing.
T here is a great need to develop a hatchery techno logy fo r the m ass p roduction of seed to m eet the de2
m ands of m ud crab farm ing. M ud crab cu ltu re research, part icu larly larval rearing, has been conducted at
D epartm en t of O ceanography, X iam en U niversity over ten years. It has been obvious that p roduction of
eggs and new ly hatched larvae is no t an issue affect ing the hatchery success of m ud crab. M atu re fem ale
b roodstock and its cu lt ivat ion is one key of successfu l larval rearing. Q uality of new ly hatched larvae o r
their inheren t viab ility is regarded as a m ain issue influencing the success of hatchery p roduction. T he nu2
t rit ion fo r b roodstock w as show n a considerab le effect on gonad grow th and fecundity, hatch ing and larval
quality. Bu t lit t le is know n of eco logical facto rs such as temperatu re, ligh t, salin ity, bo ttom substrates,
etc. that influence larval quality. If readily m easu red criteria cou ld be used to p redict the subsequen t per2
fo rm ance of larvae, it w ou ld imp rove the consistency of p roduction and reduce the resou rces expended on
larvae of inadequate viab ility.
T he ob ject ive of th is invest igat ion is, first ly, to determ ine the effect of b rooding temperatu re on dry
w eigh t and energy of new ly2hatched zoea21 of S cy lla serra ta, and on larval su rvival and developm en t, and
secondly to fo rm u late a criteria that can be used as a judgem en t of new ly hatched larval quality. D ry
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w eigh t and energy con ten t of new ly hatched larvae of 17 b roods w h ich com e from the differen t seasons and
cu ltu ring at the differen t b rooding temperatu re w ere m easu red. T he em bryon ic developm en t, larval p ro2
duction and larval developm en t (under no rm al rearing condit ions) from the differen t batches w ere ob2
served.
M atu re fem ale w ere co llected from coastal w ater o r sh rimp pond. T he b roodstock tank (615×4×2
m 3) is w ith sand2covered bo ttom and flow th rough seaw ater. T he tank is m ain tained under low ligh t condi2
t ions and temperatu re is 25℃ to 32℃, sa lin ity ranges betw een 25×10- 12 and 32×10- 12. T he stock ing
density is 2～ 3 crabsöm 2. T he b roodstock are fed tw ice one day, in even ing and in mo rn ing. T he diet is
consisted of crustaceans, mo llu scs and fish. Fo llow ing ovu lat ion the crabs w ere removed from broodstock
tank and m ain tained individually in 1000 dm 3 tank s w ith fresh seaw ater and no diet. A fter hatch ing, larvae
are co llected fo r dry w eigh t and energy con ten t m easu rem en t and est im ates of unhatched eggs, p rezoea,
dead zoea are m ade. T he live zoea is transferred to rearing tank and the stock ing densit ies of the larvae are
abou t 200ödm 3. Seaw ater is set t led, filtered, and fo rm ed green w ater by adding un icell a lgae ( < 104
cellsöcm 3). T he tank is m ain tained under low ligh t condit ions at zoeal stage and temperatu re is 25℃ to
32℃. Salin ity ranges betw een 25×10- 12 and 32×10- 12. Zoea21 to Zoea22 is fed w ith ro t ifers (B rach ionus
p lica tilis) , Zoea23 and fo llow ing stage larvae is fed w ith A rtem ia naup lii. N u trit ive value, especially fo r
h igh ly unsatu rated fat ty acid (HU FA ) of ro t ifers and A rtem ia naup lii cou ld be elevated th rough nu trit ional
en richm en t.
T he em bryon ic developm en t of m ud crab is expedited w ith b rooding temperatu re rising, em bryon ic de2
velopm en tal t im e is sho rt under h igh b rooding temperatu re. A nd there are no specific rela t ions betw een
dry w eigh t (DW ) , o r energy con ten t (EC , J öm g) of new ly2hatched zoea21 and brooding temperatu re. Bu t
effects of the daily difference in temperatu re du ring em bryon ic developm en t on dry w eigh t, energy (E ,
J öind) of new ly2hatched zoea21 are obviously, and larval su rvival and developm en t are affected subse2
quen tly. W hen the daily difference in b rooding temperatu re ≥2℃, th ree phenom enon w ill detected. F irst,
m ud crab em bryon ic developm en t o r hatch ing is irregu lar, the p ropo rt ion of p rozoea and died egg p roduc2
t ion is h igher. second, the new ly hatched zoea21 cou ld no t exuviate to zoea22. T h ird, the energy con ten t
of new ly hatched zoea21 is low er than 0. 10 J öind. T he new ly hatched zoea21 w h ich dry w eigh t is low er (<
6. 0 Λgöind) and energy con ten t is h igh (> 25 Jöm g) of m ud crab cou ld no t exuviate to zoea22 w hen brood2
ing temperatu re (> 30℃) and the daily difference in b rooding temperatu re (≥2℃) is h igh du ring som e
day of b rooding tim e. T here som e excep tions that the new ly hatched zoea21 w h ich dry w eigh t and energy
con ten t is low er cou ld no t exuviate to zoea22 w hen brooding temperatu re is no rm al, th is m ay be related
w ith quality of berried fem ale m ud crab.
T here are th ree characters of abno rm al o r poo r quality new ly hatched zoea21 of m ud crab: (1)D ry
w eigh t is low and energy con ten t is h igh. (2) Energy and energy con ten t is also low. (3) D ry w eigh t and
energy is also low. T here are no certa in rela t ions betw een dry w eigh t o r energy of new ly2hatched zoea21
and difference in b rooding temperatu re. Bu t the p robab ility of (DW ×E ) < 0. 75 of new ly2hatched zoea21
increases sign ifican tly w hen the daily difference in b rooding temperatu re ≥2℃, and viab ility of the larvae
is w o rse. (DW ×E ) of the new ly hatched larvae m igh t be an indicato r of larval quality o r viab ility.
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　　锯缘青蟹 (S cy lla serra ta)是我国南方地区主要的经济蟹类之一, 名优养殖品种。随着青蟹养殖技术的
改进和养殖规模的扩大, 特别是虾蟹混养模式迅速的推广, 捕捞自然蟹苗已远不能满足生产的需求, 青蟹
0361　 生　态　学　报 22 卷
© 1994-2008 China Academic Journal Electronic Publishing House. All rights reserved.    http://www.cnki.net
苗种已成为养殖青蟹、甚至南方部分地区虾池养殖的主要限制因子, 对大规模的苗种培育技术要求越来越
迫切。亲蟹的驯养、产卵及孵化是青蟹人工育苗的第一步, 林琼武等实验研究了锯缘青蟹亲蟹的驯养 [1 ]; 周
友富等报道了全人工培育锯缘青蟹抱卵技术 [2 ]。锯缘青蟹人工育苗中, 最困难的不是如何获得足够数量孵
化的幼体, 而是如何获得质量好的或可养活性 (viab ility)高的刚孵化幼体。在青蟹人工育苗生产实践中, 经
常遇到第一期　状幼体 (Z1)无法蜕皮为 Z2 而倒池, 造成人工、饵料和场地的浪费, 提高了育苗成本。刚孵化
青蟹幼体的质量将直接影响幼体的生长发育和存活率, 从而影响人工育苗的效果。M ann 等研究了来自不
同季节的锯缘青蟹亲蟹所产卵和幼体的差异、切除眼柄对卵和幼体的影响、可预示幼体可养活性的一些特
征[3 ]。M illam ena 等报道了饲喂不同饵料对锯缘青蟹亲蟹繁殖效果的影响, 发现多种饵料混合或交替投喂
的亲蟹繁殖效果好[4 ]。
本文实验测定了来自不同季节的抱卵蟹, 在不同的抱卵蟹培育、胚胎发育温度下 17 尾锯缘青蟹亲蟹
刚孵化幼体的干重 (DW ) 和比能值 (EC , Jöm g) , 观察记录了胚胎发育和孵化的情况及各批幼体的生长发





从产地或市场选购性腺较饱满的雌蟹经消毒处理后放养于铺垫 10cm 泥沙、沙和不铺垫的水泥池 (615
×4×2m 3) 内, 放养密度< 3 只öm 2, 池水深度不小于 1m , 海水盐度> 20, 并逐步升高, 培育温度< 32℃, 日
温差不大于 115℃; 每天于傍晚和凌晨投喂鲜活鱼、贝, 投喂量不大于 5% 亲蟹重; 每隔几天清池检查, 取出
抱卵蟹, 清理残饵和尸体。抱卵蟹单独培养于孵化池内, 盐度> 25, 日温差为 110、115、210 或 215℃, 不予饵
料, 检查胚胎发育情况, 在估计孵化前 2d 换上消毒海水; 记录孵化情况。
112　青蟹幼体培育
从青蟹孵化池收集活力好的幼体用消毒海水清洗后投放育苗池, 第 1 期　状幼体 (Z1 ) 密度> 50
indödm 3; 育苗用海水是沙滤消毒海水、经 5Λm 孔径的滤水袋过滤入池, 盐度范围是 25～ 30; 幼体培育温度
范围是 25～ 31℃, 温度日变幅不大于 115℃; Z1、Z2 投喂轮虫 (B rach ionus p lica tilis) , 轮虫密度 40～ 60 ind ö
cm 3, 此期间适当投放单细胞藻类 (单细胞藻类密度< 104öcm 3)形成微绿水。Z2→Z3 或 Z3 开始时投喂卤虫
(A rtem ia sp 1)无节幼虫, 密度 3～ 10indöcm 3, 并视幼体摄食情况增减; 大眼幼体 (M ) 的培育温度可> 30℃,
M 后期盐度也可逐渐适当降低, 除投喂卤虫无节幼虫外, 并可辅以鱼糜和贝肉羹。记录不同孵育温度下孵
化幼体的发育情况。
113　幼体干重和比能值测定
取刚孵化的锯缘青蟹幼体, 用砂滤再经网滤的海水洗涤 2 次, 用滴管挑数 4000 尾幼体于 200 目预先称
重的尼龙筛网上, 用去离子水洗涤 2 次, 在 60℃下烘干 24h 至恒重后, 取出存放于干燥器或- 20℃下的冰
箱内待分析。幼体的干重 (DW , Λgöind) 用 Sarto riu s BP211D 型电子天平称量 (0101m g) , 比能值 (EC ,




长; 在实验温度范围内, 青蟹的胚胎发育时间与孵育温度的关系基本符合关系式: D = 522 (T - 117) - 1138 [5 ]
(表 1)。
212　孵育温度与刚孵化幼体干重和比能值或能量的关系
从表 1 看, 孵育温度与刚孵化幼体的干重和比能值或能量没有明确的相关性。表 1 中温度的正负范围
并不是青蟹抱卵蟹培育和胚胎发育期间平均温度的标准差, 而是表示青蟹抱卵蟹培育和胚胎发育期间某
些天的日温差。实验发现, 当抱卵蟹培育和胚胎发育期间某些天的日温差≥2℃, 一方面胚胎发育不整齐,
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孵化不同步, 死卵和孵出原　状幼体的比例高; 另一方面, 孵化的第 1 期　状幼体一般都无法蜕皮转变进
入第 2 期; 第三, 刚孵化的　状幼体的能量低, 一般都< 0110J öind。青蟹抱卵蟹培育和胚胎发育的温度高,
并且期间某些天的日温差大, 刚孵化的　状幼体的干重低 (< 610 Λgöind) , 幼体的比能值高 (> 25 J öm g) ,
这样的青蟹第 1 期　状幼体更无法蜕皮转变进入第 2 期。此外, 有些批次的青蟹抱卵蟹, 其胚胎发育期间
的培育温度正常, 但刚孵化的　状幼体的干重和比能值都偏低, 这样的幼体也很难正常生长发育。
表 1　不同批次锯缘青蟹孵化幼体的干重 (DW , Λgöind)和能量 (E , Jöind; EC , Jöm g)
Table 1　The dry we ight (DW , Λgöind) and energy (E , Jöind) or energy con ten t (EC , Jöm gDW ) of Scylla serrata newly
hatched larvae from differen t batch
抱卵时间 孵育温度 T 发育时间 干重DW 能量 E 比能值 EC DW ×E 幼体发育存活情况
D ate (℃) (d) (Λgöind) (Jöind) (Jöm g)
1999204219 24. 5±1 12 6. 32 0. 118 18. 68 0. 746 至 Z423停电死亡
1999209203 29±0. 5 9 6. 20 0. 159 25. 69 0. 986 至M 和部分仔蟹C, 1%
1999209221 30±1 8 4. 07 0. 121 29. 62 0. 492 Z1 死亡
1999209228 30±2 7 3. 57 0. 119 33. 22 0. 425 Z1 死亡
1999210220 26±1 12 10. 03 0. 175 17. 48 1. 755 至 Z3 无控温放弃
2000205216 26±0. 5 11 11. 3 0. 132 11. 69 1. 492 至C 存活率 25%
2000205217 28±0. 5 9 8. 40 0. 113 13. 48 0. 949 至C 存活率 30%
2000205229 27±2. 5 9 5. 60 0. 073 12. 98 0. 409 Z1 死亡
2000205229 27±2. 5 10 7. 00 0. 090 12. 88 0. 630 Z1 死亡
2000205230 27±0. 5 10 9. 80 0. 125 12. 78 1. 225 3 3 至C 存活率 3%
2000206202 27. 5±2 10 8. 60 0. 097 11. 29 0. 834 存活率极低至 Z2 放弃
2000206204 28. 5±2 9 8. 20 0. 095 11. 58 0. 779 存活率极低至 Z2 放弃
2000206207 27±2 10 8. 80 0. 099 11. 31 0. 871 存活率极低至 Z3 放弃
2000206210 29±1 8 9. 33 0. 175 18. 74 1. 633 3 至C 存活率 5%
2000206211 29±2 10 4. 67 0. 136 29. 21 0. 635 Z1 死亡
2000206212 29±1 8 12. 20 0. 222 18. 18 2. 708 3 至C 存活率 1%
2000206225 26±1 12 9. 25 0. 153 16. 57 1. 420 3 至C 存活率 5%




F ig. 1 　 T he relation betw een dry w eigh t, energy of
new ly hatched larvae and daily difference in brooding
temperature during em bryonic developm ent of S. serra ta
213　孵育温度日温差与幼体质量的关系
不能正常发育的锯缘青蟹刚孵化的第 1 期　状幼







数; 当日温差≥2℃时, (DW ×E ) < 01746 的几率显著
增加 (图 1) , 幼体可养活的几率极小, 因此抱卵蟹培育
和胚胎发育期间应注意温度的变化, 尽可能把日温差
控制在 2℃以内。从表 1 中DW ×E 的数值看, 刚孵化的第 1 期　状幼体能够正常生长发育的 (DW ×E )低
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可养活幼体的开支。M ann 等[3 ]分析了①产卵时间与孵化率、②卵径与原　状幼体的比例、不可养活幼体的
比例、③孵化率与卵数、　状幼体数、原　状幼体数、不可养活幼体数、④卵数与原　状幼体数、不可养活幼
体数等 4 组特征与　状幼体大小的相关性, 发现以上各组特征与特征间相关性显著, 大都达到极显著水
平, 因此难以确定作为预示幼体可养活性指标特征; 但他们认为季节 (温度) 和切除眼柄将影响幼体质
量[3, 4 ]。深海红蟹 (Chaceon qu inqued ens) [6 ]卵的脂肪和蛋白质比 (L öP )与亲蟹中肠腺和卵巢中的L öP 有关,
而其胚胎发育中卵黄消耗的类型与卵黄的 L öP 有关, 因此胚胎发育期间蛋白质的代谢与卵黄沉积类型有
关, 因而幼体质量受到繁殖亲蟹营养状况的影响 [4 ]; 有些批次的青蟹抱卵蟹, 其胚胎发育期间的培育温度
正常, 但刚孵化的　状幼体的干重和比能值都偏低, 这可能与亲蟹的营养状况有关。亲体孵育幼体的质量




一般认为, 水生甲壳动物由于没有排氮的障碍, 胚胎倾向于利用蛋白质为主要的能源物质, 锯缘青
蟹[10, 11 ]胚胎蛋白质含量高、脂肪低, 在胚胎发育过程中蛋白质降低的百分数最大, 青蟹胚胎发育主要以蛋
白质为能源; 双齿扇蟹 (X an tho bid en ta tus)胚胎发育期间干重和有机物质下降, 水分和灰分增加, 脂肪在胚
胎发育后期才减少, 可溶性的蛋白质的增加是转变为结构蛋白质, 非可溶性的蛋白质下降或是作为能源物
质或是转变为可溶性的蛋白质, 胚胎发育期间以蛋白质为主要的能源物质 [12 ]; 鼹蟹 (Em erita holthu isi) [13 ]
和大鲎 (T achyp leus g ig as) [14 ]胚胎发育期主要的能量来源也是蛋白质; 同时蛋白质也是组织器官形成的基
石。大西洋鳕鱼 (Gad us m orhua)在胚胎发育的自然温度 (0～ 611℃)范围内, 温度升高 6℃, 胚胎蛋白质生长
速度提高 1165 倍, 而胚胎发育时间缩短了 217 倍, 孵化出膜时总的蛋白质含量降低了 1165 倍, 孵出幼体蛋
白质含量随温度的升高而下降 [8 ]。因此抱卵蟹培育和胚胎发育的温度将直接影响幼体的质量, 从而影响幼
体的进一步生长发育和存活率。中华绒螯蟹 (E riocheir sinensis)和斑节对虾 (P enaeus m onod on)胚胎及幼体
的生长发育随温度升高而加快, 但幼体的大小和蜕皮存活率随温度的升高而降低, 孵育温度对幼体大小和
蜕皮存活率的影响, 首先决定于升温方式, 然后才是温度高低 [7 ]。
313　预示青蟹幼体质量的可能指标
不能正常发育的锯缘青蟹刚孵化的第 1 期　状幼体的干重和能量和比能值有 3 个特征, 一是干重低,
而幼体比能值高; 二是幼体能量和比能值都偏低; 三是幼体干重和能量都偏低。第 1 种情况一般是胚胎发
育温度高, 幼体不能正常发育, 可能是由于幼体的细胞分化和组织发生不完善; 第 2 种情况可能与胚胎发
育期间日温差大、能量消耗过大、使幼体存储能量不足有关, 也可能与抱卵蟹或卵的质量有关; 第 3 种情况
可能主要是由于胚胎发育期间日温差过大造成能量消耗大和幼体组织结构发育不完善。通过分析发现, 刚
孵化的青蟹第 1 期　状幼体干重和能量的乘积 (DW ×E )可作为判断刚孵化的第 1 期　状幼体能否正常生
长发育的指标。当孵育温度日温差≥2℃, 刚孵化青蟹幼体DW ×E < 01746 出现的几率明显增大, 幼体可养
活性或幼体质量差。因此, 为获得质量稳定可养活的幼体, 锯缘青蟹抱卵蟹培育和胚胎发育期间日温差控
制在 2℃以内是必要的, 降温和升温可以采取螺旋式方法。由于样品数少, 因此本文提出的预示青蟹幼体质
量的指标有待进一步实验验证。
参考文献
[ 1 ]　L in Q W (林琼武) , L i S J (李少菁) , W ang G Z (王桂忠). Experim ental studies on the dom estication of m ud crab
spaw ner. F uj ian F ishery ( in Ch inese) (福建水产) , 1994, (1) : 13～ 17.
[ 2 ]　Zhou Y F (周友富) , D ing F L (丁法理) , Chen D J (陈道建). Study on the techno logy of compo lete art ifical cu ltu re
336110 期 朱小明等: 孵育温度对锯缘青蟹幼体质量的影响 　
© 1994-2008 China Academic Journal Electronic Publishing House. All rights reserved.    http://www.cnki.net
of brood crab S cy lla serra ta. M arine S cience ( in Ch inese) (海洋科学) , 2000, 24 (3) : 13～ 15.
[ 3 ]　M ann D , A sakaw a T and B lack shaw A. Perfo rm ance of m ud crab S cy lla serra ta broodstock held at B rib ie Island
A quacultu re Research Centre. A C IA R P roc. , 1999, 78: 101～ 10.
[ 4 ]　M illam ena O M and Q uin it io E T. T he effects of diets on rep roductive perfo rm ance of eyestalk ab lated and in tact
m ud crab S cy lla serra ta. A quacu ltu re, 2000, 181 (1～ 2) : 81～ 90.
[ 5 ]　Zeng C X (曾朝曙) , W ang G Z (王桂忠) , L i S J (李少菁). O bservation on em bryonic developm ent and effects of
temperature on developm ental rate of em bryonic stages in m ud crab, S cy lla serra ta. F uj ian F ishery ( in Ch inese)
(福建水产) , 1991, (1) : 41～ 50.
[ 6 ]　B iesio t P M and Perry H M. B iochem ical compo sit ion of the deep2sea red crab Chaceon qu inqued ens (Geryonidae) :
O rganic reserves of develop ing em bryo s and adults. M ar. B iol. , 1995, 124 (3) : 407～ 416.
[ 7 ]　Zhu X M (朱小明) , L i S J (李少菁). Effect of brooding temperature on larval quality of sh rimp and crab. Ch inese
J ou rna l of A pp lied E cology ( in Ch inese) (应用生态学报) , 1998, 9 (1) : 71～ 74.
[ 8 ]　Kuftina N D and N ovikon G G. Em bryonic grow th and utilization of yo lk sto rage p ro tein during early ontogeny of
Cod, Gad us m orhua, at differen t temperature. V op r. ikh tiolog ii, 1986, 26: 646～ 657.
[ 9 ]　L i S J (李少菁) , W ang G Z (王桂忠) , Zeng C X (曾朝曙) , et a l. Studies on cultu ral b io logy of S cy lla serra ta. M a2
rine S cience ( in Ch inese) (海洋科学) , 1994, (2) : 21～ 24.
[ 10 ]　T ang H (汤鸿) , L i S J (李少菁) , W ang G Z (王桂忠). Experim ental studies on the digestive enzym e activit ies in
the larvae of S cy lla serra ta. J ou rna l of X iam en U niversity (N ature Science) ( in Ch inese) (厦门大学学报 (自然科学
版) ) , 1995, 34 (1) : 88～ 93.
[ 11 ]　L i S J (李少菁) , Zeng C X (曾朝曙) , T ang H (汤鸿) , et a l. N utrit ive requirem ents and m etabo lic m echansim s
during larval developm ent of m ud crab S cy lla serra ta. J ou rna l of O ceanog rap hy in T a iw an S tra it ( in Ch inese) (台
湾海峡) , 1998, 17 (Sup. ) : 1～ 9.
[ 12 ]　Babu D E. O bservations on the em bryonic developm ent and energy source in the crab X antho bid en ta tus. M ar. B i2
ol. , 1987, 95 (1) : 123～ 127.
[ 13 ]　V ijayaraghavan S, W afar M V M and Royan J P. Changes in b iochem ical compo sit ion and energy utilization in de2
velopm ental stages of the mo le crab, Em erita holthu isi Sanko lli. M ahasag ar, 1975, 8 (3&4) : 165～ 170.
[ 14 ]　ChatterjiA , A guiar Q and Saldanha C. Energy source in the develop ing eggs of the Indian ho rseshoe crab, T achy2
p leus g ig as (M uller). J . A qacu lt. T rop. , 1996, 11 (4) : 271～ 276.
4361　 生　态　学　报 22 卷
© 1994-2008 China Academic Journal Electronic Publishing House. All rights reserved.    http://www.cnki.net
